A class of galactose-resistant mutants has been derived from strains of Salmonella typhimurium which are defective in uridine diphosphoglucose-4-epimerase. Resistant (3, 4, 14) . The lytic mechanism is unknown, but death is dependent upon growth and intracellular accumulation of galactose metabolites. These metabolites probably interfere with mucopeptide synthesis because spheroplasts form in galactose media of suitable osmotic strength (14). Galactose death is not observed with double mutants in which both galactokinase and epimerase are defective. Furthermore lysis is prevented by supplementing galactose-containing media with glucose.
grown at 20 C but not at 37 C, and acid is not produced from galactose. Sufficient galactose is synthesized at reduced temperatures to fabricate smooth lipopolysaccharide and acceptor sites for phage P22 from galactose-deficient media. The leaky nature of these mutants may account for resistance to galactose death by maintaining galactose metabolites at a subcritical level. Glucose protects sensitive strains by control of levels of toxic metabolites by catabolite repression.
Mutants of Salmonella typhimurium defective in uridine diphospho (UDP)-glucose 4-epimerase (EC 5.1.3.2) lyse when grown in the presence of galactose (3, 4, 14) . The lytic mechanism is unknown, but death is dependent upon growth and intracellular accumulation of galactose metabolites. These metabolites probably interfere with mucopeptide synthesis because spheroplasts form in galactose media of suitable osmotic strength (14) . Galactose death is not observed with double mutants in which both galactokinase and epimerase are defective. Furthermore lysis is prevented by supplementing galactose-containing media with glucose.
Epimerase mutants have incomplete lipopolysaccharide terminating with the core sugar which precedes galactose in the structural sequence. These deep-rough lipopolysaccharides contain no 0-antigen which is the receptor for bacteriophage P22, but cells are sensitive to phage C21. If galactose is added to the medium, a wild-type phenocopy is rapidly synthesized conferring sensitivity to P22 and resistance to C21 (2, 9) . Galactose-resistant mutants with defects in both kinase and epimerase are sensitive to C21 under all conditions. Growth in the presence of galactose and C21 should provide conditions of selective enrichment for novel resistant strains which produce wild-type phenocopy when grown with galactose. This communication describes the properties of a class of resistant mutants derived from epimerase-defective strains which retain the ability to synthesize smooth lipopolysaccharide in the presence of galactose. (3) and Nikaido (14) noted considerable variation in the extent and time of lysis among different epimeraseless isolates. Strains 47 and 48 used in these experiments lyse 2 hr and 3 hr, respectively, after addition of galactose (Fig. 1) . Resistant populations arise from lysates after several cycles of growth in galactose broth. Most resistant clones isolated from these cultures are the type previously described by Nikaido (14) , having secondary mutations in either galactokinase or permease. These cells remain sensitive to phage C21 when grown with galactose. Selection against double mutants in the galactose sequence was performed by growth of resistant populations in galactose with C21 (3 X 109 PFU/ml). The majority of the clones arising from the survivors were galactose-positive revertants. In different enrichments the proportion of galactose-negative colonies varied from 5 to 35%. Resistant galactose negative colonies were screened for P22 sensitivity in the presence of galactose. Twelve independently isolated strains, termed R-1 mutants, were selected for study on the basis of inability to produce acid from galactose, resistance to lysis, and sensitivity to P22 when grown with galactose. The properties of these strains, the parent organisms, and a double mutant are compared in Table 1 . The growth characteristics of R-1 mutants are shown in Fig. 1 Synthesis of 0-specific phage receptor. As indicated in the previous section, spot testing phage on R-1 mutants revealed wild-type sensitivity patterns at room temperature. The 0-specific phage P22 was incubated with chloroformkilled cells in an attempt to quantitate phage affinity. The relative rates of phage inactivation by R-1 cells grown at different temperatures are compared to the wild-type in Fig. 2 . No irreversible adsorption occurred with cells from cultures grown at 37 C without galactose, but cultures grown at 28 C inactivated phage at rates comparable to those of the fully induced parent strain (see Fig. 3 Fig. 3 depict the time course for the fabrication of the 0-specific phage acceptor. Cells were grown for various intervals in galactose, and synthesis of phage receptor occurred rapidly. However, the shape of these curves is significantly different from those shown in Fig. 2 Table 2 which depict the degree of saturation of the core as the ratio of abequose to KDO. This ratio remains invariant with LT2 regardless of the growth conditions used here, but epimeraseless strains fabricate 0-antigen only from an exogenous supply of galactose at 37 C. R-1 mutants grown at 20 C without galactose contain abequose in lipopolysaccharide fractions, but to a lesser extent than that found for wildtype or mutants induced with galactose. The correlation between the lipopolysaccharide composition and the lowered ability of induced mutant strain to absorb phage P22 is poor. Phenol extracts were fractionated further with ethyl alcohol because it was suspected that the analyses might be weighted by the presence of hapten originally bound to the cytoplasmic membrane rather than to core lipopolysaccharide. Kent and Osborn (8) (Table 3) . Epimerase activity at the lowest level of detection is reported for galactose-grown cells at 37 C. 0-specific phage receptor is formed at 28 C, but the difference in epimerase level is barely significant. Measureable activity was observed only when the growth temperature was reduced to 20 C. Growth at reduced temperatures did not alter the regulatory properties of the galactose operon, because galactokinase and uridylyltransferase are present at approximately the same levels under ali conditions. The pleiotropic effect or partial constitutivity noted with some galactose-negative mutants of Escherichia coli (7) was not observed with epimeraseless mutants reported here. Basal enzyme levels were found in all uninduced cells.
MATERIALS AND METHODS
A series of thermal inactivation experiments was performed in an attempt to resolve the difference between epimerase activities from coldgrown R-1 and from wild-type extracts. Extracts were incubated at 45 C at protein concentrations of 5 and 10 mg/ml, sampled periodically, and assayed. Epimerase activity from both extracts decayed with a half-life of approximately 35 min. No significant difference was found after repeated attempts to demonstrate thermolability in a variety of buffer systems within a pH range of 7.0 to 8.3. Extracts of cold-grown R-1 strains lose 90% of epimerase activity after storage overnight in the frozen state, whereas only slight losses are noted with wild-type enzyme. Attempts to protect or reconstitute activity with sulfhydryl compounds, chelating agents, and boiled extracts in a variety of buffer systems were unsuccessful. It is concluded that the epimerase activity found in R-1 extracts is altered because of its instability, although differences in thermolability were not demonstrable. The resistance of R-1 mutants to galactose may be explained by sufficient activity of the unstable epimerase, even at 37 C, to prevent the accumulation of toxic galactose metabolites.
Control of lysis by reduced internal levels of galactose metabolites may be operative in the protection afforded sensitive strains by the presence of other carbohydrate substrates. Nikaido 
